The construction site and its elements create circumstances that are conducive to the formation of safety risks during the execution of works. Analysis indicates the critical importance of these factors in the set of characteristics that constitute the causes of accidents in the construction industry. The main substantive tasks in this article include isolating patterns of accidents on the site and identifying the analysed characteristics that are important in defining these patterns. In terms of methodology, the paper presents affinity analysis as the method of analysing data resources. The research was carried out on the basis of data from the register kept by the District Labour Inspectorate in Krakow (2014Krakow ( -2016.
Introduction
accidents at work, including those on construction sites, are random occurrences which are difficult or impossible to predict. Therefore, studying them and identifying relationships between the traits which characterise them is not easy [3, 4, 5, 6] . In particular, this applies to studies in which focus on the factors which give rise to negative consequences for human life and health. This article attempts to identify and profile accident patterns, based on data from the register maintained at the District Labour Inspectorate, in Krakow. The analysed events included accidents which occurred between the years 2014 and 2016. The number of observations was sixty-five. The main goal was focused on isolating patterns of construction accidents and identifying those of the analysed characteristics that are important in defining these patterns. The methodology included the analysis of data resources using conceptual grouping in the form of affinity analysis.
There are a variety of data mining techniques which indicate new dependence in the collection of data. One of these techniques is the discovery of association, which is the most popular example of affinity analysis -this is a method which was designed for research of customer preferences (what put in the cart). This article presents a successful attempt to use this method in the field of research patterns of construction accidents.
Affinity analysis
affinity analysis [1, 2] is used to find hidden dependencies in a large data set in the form of simple rules -so-called association rules When selecting the input data format, it must be remembered that there are many potential rules. For example, in the case of three dichotomous variables ('YES/NO' responses to three questions), we can receive up to 650 rules -this is the number of permutations for the three variables and two possible values. Of course, we are interested only in those rules which often occur in the analysed data, i.e. those which describe frequently occurring patterns. Therefore, to isolate the rules that carry important information, we use three parameters used for the statistical evaluation of the validity of the rules:
▶ Support -the percentage of instances of the rule in the analysed dataset; ▶ Confidence -the percentage of instances of the rule in a set of observations that contain the body (for the rule A=>B, this corresponds to the conditional probability P[B|A] ); ▶ Lift -determines how the occurrence of the body increases or decreases the occurrence of the head. Values higher (or lower) than 1 indicate that in the set of observations for which the body occurs, the likelihood of the occurrence of the head is higher (or lower) than in the whole dataset in general. Strictly speaking, criteria for the assessment of the rules found are calculated using the following formulas where 'number of transactions' refers to the number of occurrences of a given pattern, i.e. the number of accidents with the given characteristics: the analysis specifies the following areas: a) Accident profiles -a list of events that occur together in the incidents. The proposed method of sorting data can be easily changed and saved, e.g. according to support (size of profile occurrences/number of accidents); see Table 2 . The values shown in Table 2 indicate that in certain sizes, out of the sixty-five accidents examined, the following accident profiles occurred:
▶ The frequency of the most common accident profiles is shown in Figure 1 . b) Association rules -all rules discovered, meeting the relevant criteria: support of at least 20%, confidence of at least 10%, lift greater than 1 (minimum values have been chosen so as not to include patterns that occur only a few times). Support: Accidents in which falling from height is the a deviation from the normal state, the horizontal surface is the material factor causing injury and the cause is the arbitrary behaviour of the employee and the lack of personal protection equipment account for 20.00% of all accidents examined. Confidence: If falling from height is the a deviation from a normal state and the horizontal surface is the material factor causing injury, the likelihood that the accident occurred as a result of arbitrary behaviour of the employee and the lack of personal protection equipment is 50%. Lift: If we know that falling from height is the a deviation from a normal state, the horizontal surface is the material factor causing injury, the likelihood that the accident occurred as a result of arbitrary behaviour of the employee and the lack of personal protection equipment is 2.03 times greater than in the entire dataset (not taking into account the information in the body). Support: Accidents occurring during the construction (erection) of a building, in which falling from height is the a deviation from a normal state and the injury is caused by impact inanimate objects, account for 24.62% of all accidents examined. Confidence: If the accident takes place at the construction site and falling from height is the a deviation from normal state, the likelihood that the injury is caused by impact inanimate objects is 100%. Lift: If we know that the accident occurred during the construction of a building and falling from height is the a deviation from a normal state, the likelihood that the injury is caused by impact inanimate objects is 2.5 times higher than in the entire dataset (not taking into account information in the body). Support: Accidents in which falling from height is the a deviation from a normal state and the horizontal surface and the lack of personal protection equipment is the material factor causing injury and the causing event is impact inanimate objects, account for 24.62% of all accidents examined. Confidence: If accidents in which falling from height is the a deviation from a normal state and the horizontal surface and the lack of personal protection equipment is the material factor causing injury, the likelihood that the causing event is impact inanimate objects is 100%. Lift: If we know that falling from height is the a deviation from a normal state and the horizontal surface and the lack of personal protection equipment is the material factor causing injury, the likelihood that the event causing the injury impact inanimate objects is 2.5 times greater than in the entire dataset (not taking into account the information in the body). Source: own study c) Rules diagram -the following diagram graphically illustrates the designated relationships between the individual categories of the considered variables.
Relationships with a high level of support and confidence correspond to larger and darker points (Fig. 2) .
The diagram shows particularly strong rules (in terms of statistical criteria). These are presented in Table 4 . 
Summary
the research covered construction site accidents which occurred from 2014-2016 in the Lesser Poland province. The observations registered at the District Labour Inspectorate in Krakow made it possible to conduct an analysis, the aim of which was to isolate patterns of construction accidents and to indicate those among the analysed characteristics that are important in defining these patterns. The methodology included the analysis of data resources using conceptual grouping in the form of affinity analysis. An attempt was made to increase the body of knowledge on the development of scientific methods to assess threats on construction sites and investigate the possibility of their practical application in improving the safety of working conditions. These methods are effective tools for identifying patterns in multidimensional sets which characterise construction accidents; they make it possible to create profiles and association rules according to confidence (the percentage of instances of the rule in a set of observations containing the body). These types of subgroups of related rules exist in the analysis results. The resulting rules essentially apply to the variables themselves, which occur once in the body and once in the head -they describe the same accident profile. These rules should be considered together and should not be separated; they are dominated by falling from height, impact inanimate objects and horizontal surfaces. The strongest relationships are as follows: 
